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and  AslK'nniilirol  Hiigiticciiiig  liniii  Olilu  Slnlc  lliilverstly 
In  Mny  1988.  lie  leccivcd  n  M.  55.  dcpicc  In  Ario-tiriKc 
niipiiirciiiig  .Sciences  fioiit  llic  ttniveisily  of  ('oloimli)  In 
May  1990.  He  Is  cnticnily  a  (liiid  year  I’li  I).  stndi'.iil  nt 
llic  Hidvci.sily  of  C.'oloindd.  VVillliiin  l.s  a  icscintit  ns.sisinni 
for  llie  (.'oloindo  C’enler  for  Asliodyiianiics  Kcscartli,  and 
is  Sfccinli^ing  in  llie  field  of  orbit  rlclciininalion. 
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AnsiHAcr 

Wllli  lire  use  of  lire  NAVS  I  AR  (llotial  rosllioning  Sysicni 
((It’S)  conslelliilloii,  l(  Is  ('o.s.silde  for  tnilllniy  nod  civilian 
users  0|icinling  (ll’.S  trcclvcis  to  coni|>iilr  nccninie 
ircclver  |iosliiniis  In  bolli  low  liarlli  oiliil  and  on  lire 
siiifncc  of  lire  I'ailli.  'I  Ills  |iosilloiiing  nccnincy  Is  gienlly 
dc|'cndcnt  on  lire  nccnincy  of  lire  (ll'S  oihils  that  aic  li.scd 
In  lire  e.sliinnilon  process,  (fnfoilnnatcly,  ciiiirnt  (ll’S 
oiliil  accnincy  llinils  lire  anioiinl  of  scicniilic  Inloiinalioii 
llial  can  be  icliicvcil  fioni  many  gcoilcllc  iipplicnllons  sncli 
IS  occanogtnpby  and  crnslal  dynamics  vsbcic  precise 
pnsilioning  is  icrpiiied.  I'or  example,  lire  alllniclilc 
salcllilc  lOri'X  wbicb  caiiics  a  (ll’.S  receiver  will  need 
50  to  KKI  ceiitlinclcr  accmnic  (ll’S  oibils  to  answer  inimy 
clim.alc  and  glolial  cliangc  Issues  sneb  as  ineim  sea  level 
rise.  Ibis  limihitloii  of  lire  cnitcnl  (ll’.S  orbit  ncemary 
(I  e.  10  to  20  nicicis  inrs  'or  HSAb'  broadcast  orbits) 
iiiolivnied  lire  piclinilnai y  dcvcirijmieni  of  a  new  orbit 
rlelermlnnlioii  nyxlcm  llial  could  provide  siilfb  Icnl  OI'.S 
oiliil  accnincy  for  ibe  scicniilic  conmmnily.  'Ibis  paper 
piesciils  an  nllcinnilvc  (ll’S  mbit  ilcleinilnalloii  sysleni 
llial  conslsls  ol  a  icbilivciy  closely  spaced  fidiicbil  liaiklng 
iiel'voik  llial  is  lime  and  ficipicney  syncliioni/cd  by  a 
fiber  opiic  link.  Ibe  paper  dcsciilic.s  llic  pioposed  filler 
optics  liar  king  system  and  picsenis  picllmlnaiy  icsnils  of 
a  covniiance  sliidy  dial  liidicalc  die  possiliilily  ol  nebieving 
lull  roeicr  on  oibil  neemney.  llic  covaiiancc  analysis  wa.s 
completed  wliii  Ibe  Oibil  Analysis  Siimilalioii  oofts'aie 
(OA.SIS)  uliicli  was  developed  al  llie  Jcl  I’lopiilsioii 
l.abuiaiory  (Jl’l.). 


Wllli  die  rise  of  die  NAV.SI'AR  Olobnl  I’osilloning  System 
((ll’S)  consicibillon,  ll  Is  possible  In  compiilc  acciiiale 
receiver  |iosllinns  in  bolli  low  entili  oibil  and  on  die 
surface  of  die  eaiili.  'Ibis  posiiloning  accnincy  Is  diieclly 
piopoilional  In  Ibe  nccnincy  of  die  (ll'S  oibils  dial  nic 
iiseil  In  die  cslimalion  process.  Tor  very  precise  (ll’S 
posiiloning  applicnlions  sneb  ns  mean  sea  level  and  Irclonic 
plate  inollon  ifclcimfnallon,  die  ciiiicnl  (If’.S  posiiloning 
nccnincy  Is  inadcipiale.  Ibe  orbit  for  die  ocennoginpliic 
sniellllc  lOI’liX,  wlilcli  caiiics  a  (H’.S  receiver,  uill  need 
lo  be  known  In  approxlinalcly  lU  cenlimclcts  rms  in  die 
radial  diiccilon.  i)y  applying  die  rule  of  diimib  for 
reliilive  posiiloning  |l|  (  ldbl/1)  “  Idil/r  ).  die  (II'.S  oiblis 
will  need  lo  be  known  lo  die  siib  mclei  level.  In  nddilloii. 
icgloiinl  crnslal  ilynnmic  npptlcBlIuiis  lypicnily  need  aboiil 
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I  pail  In  ID  nccnincy  lor  over  lOOO  km  baselines  lo 
ndcipinicly  ilcline  gcudellc  molloiis  |2|. 

'llic  oibil  dcleimliinllon  sysleiii  piescnily  employed  liy  llie 
(lulled  Sillies  All  i'oice  (IISAI')  (ll’S  (.'oiiliol  Scgmcnl 
relics  on  a  world  wide  ncipiisillon  of  liatking  data  In 
esliinalc  ncciniilc  (ll’S  oibils.  However,  nimosplicilc  delay 
effecis  nnd  die  neccsslly  to  .slmnllaneoiisly  esliinalc  die 
orbit  and  ebxk  pnrnnicleis  llmlls  die  mbit  nccmacy.  Al 
pre.scril,  die  bioadcnsi  oibils  com|inled  by  ibe  IbSAI’  dial 
ore  downlinked  in  Ibe  bioadcnsi  message  aie  ncciiiale  lo 
ll)~2l)  iiirleis  rms  (nbmg  hack,  cross  hark  and  radial) 
williln  die  lime  of  npplii  abilily.  I’osl  conijniled  pieci'c 
oibils,  wbiib  arc  picscnlly  nccninie  lo  -  3  inclcis  rms 
(along  liaik,  eioss  hack  nod  radial)  in  a  best  case,  me 
nvnlbiiile  lioin  die  H..S.  Hndoniil  (leoilelic  Survey,  ibe  H  S 
Hnviil  Snilacc  Weapons  Ceiiler,  die  H.S.  (IcologIrnI 
Survey  llnongb  die  Hniveislly  of  lexns,  nnd  die  H’l.. 
However,  ibese  oibils  me  provided  nnywbcic  from  weeks 
lo  inontbs  tiller  n  campaign.  Hoi  only  is  liieic  n  lime  liciay 
for  receiving  tbese  post  computed  cnbils,  ibeie  also  ore 
inbetciilly  laigc  opctallonal  costs  for  lliesc  sysicnis  wIilcIi 
filler  down  lo  die  user,  'liicse  syslems  arc  also  vnincinlile 
lo  die  Hoi)  policy  of  Seleelive  Avnllil>idiy/Anii  Spoof 
(.SA/AS)  I  )|  wbltli  involves  degrniling  die  broadensi  oibiis 
■iid/or  (lillierliig  llie  frequency  standard  on  board  die 
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tnlelllle.  rurllictmore,  nn  ■  prulileiit  nilglit  ilevelop  wllli 
llicse  iioii'ilc(cn$ft  piccisloii  (It’S  Itncking  oililts,  llic 
picitiicni  will  (cm!  lo  pciKl5;(  l<ir  days  lo  wctks  because  llic 
(lain  pioccssinp  Is  siihslaiiilnlly  behind  icnl  lime.  SA/AS  is 
engaged  on  ihe  lllock  II  (ll'S  salcllilcs  niul  irn\nlns  a 
factor  yet  lo  be  complelcly  iinitci.slood  ns  lu  lls  long  Icini 
ItnpacI  on  |iicc'isU)ii  oibit  ticiciniinalloii. 

lbc.se  limilniions  on  the  Ol’S  oibll  nccnincy  nnilivnicd  llic 
picliiidnni y  sliiily  of  a  unl<|tic  oibll  dclciinliinlloii  sysicni 
llinl  could  piovide  suMIcIciii  (ll’S  otbil  nccnincy  for 
sclenlilic  npidiciilions.  I  lii.s  paper  piescnis  ibe  pioposed 
OrS  oibil  dciciininalioii  system  llinl  consists  of  n  closely 
spaced  (ll)km  lo  6()km)  lidiiclal  lineking  nclwoik  llml  is 
lime  nnd  l<r<picncy  syin  liionired  by  n  liber  optics  link. 
Ibis  iden  was  oijginalcd  by  riofc.s.soi  I’.  I'.  MncDoinii  tii 
Ibe  llniveisily  of  (  oloindn.  llic  Hiilveislly  of  (nihnndo 
pi'seoily  uses  fiber  oj'.iic  cirrnits  fc'  oi.'.iin''tloniil 
lelevisloii  between  lls  fUmtder,  Denver  nnd  C'nioindo 
Spiings  campuses  wllb  fnilbci  plans  lo  link  nil  of  Itie 
inilveisilics  of  llie  sinie  of  Coloindo.  llic  fiber  optics 
pirsenis  nil  impnilniil  oppoiliiiiily  lo  coiilignic  n  picci.sioii 
(lilfcicnlinl  liaikliig  aiiiiy  bclwccii  llicsc  ciimpiiscs  vvticic 
liie  lilicr  enniilcs  the  (li.sliibiilioii  of  iicnily  pciicci  clocic 
signni.s.  llic  (ballcnge  is  lo  ilcvise  a  iiiclliod  of  exploiting 
llic  ndvniilngcs  of  blglily  stable  liining  nnd  icdiiccd 
liansmlssioii  iiicdin  effects  lo  ovciconic  llic  icdticcd 
scnsiiivily  of  tchilivcly  slioil  linsclincs  ccimpaicd  lo  long 
baselines  wliicli  me  usually  exploited  for  piccisioti  oibil 
Jeleiitiiiiniltui.  'I  Ills  pa(icr  ricsetibes  some  ilvinlls  of  the 
pioposed  liber  opilcs  Irncking  sysicin  nnd  nl.so  piesenis 
some  pieliininaiy  resnils  of  a  cuvniiance  sindy  ibnl  wns 
perfoimed  on  Ibe  proposed  sysicni  lo  esiininie  Ibe 
acblcvnblc  (ll’S  oibil  accuracy. 


riiorosi;!!  oniiirificiiriiMiNAiioN  svsikm 

1  he  oibll  dcleiinlnallon  system  being  picsented  In  Ibis 
paper  would  opcinte  in  llic  inveise  of  convcinlminl  Ol'S 
pusilinning.  Inslend  of  dcicimlniiig  diffciciillal  receiver 
posllions  finiii  accurnie  (il’S  oilills  nnd  rnnging 
Infoininllon,  llie  (il’S  oiblls  would  lie  dciciiiiincti  fioni 
aceninie  geodetic  receiver  posllions  and  singly  dilfcrcnccd 
range  obseivalioiis. 

llie  success  of  such  a  syslem  would  rcijiilie  Ihc 
dciciniinailoii  of  very  accuintc  Inici- iccrlvcr  nnd 
gcocenliic  posllions  nnd  ncciiinle  sln('ly  clilfcicncrd 
pscmloiniipe  nnd  cniiici  phase  daln.  Ihc  picscncc  of  n 
SI.R  (Sniclliic  l.nser  Knnghig)  nnd  VI. Ill  (Vciy  l  ong 
na.scihie  Inicifeionieliy)  site  nl  rtnilevlilc,  (.'oloindn 
would  he  used  lo  icfcicnce  ihc  nclwoik  lo  Ihc  gcoccnici  ol 
Ihe  i-.nilh  nnd  piovldc  nn  nngiilnr  lie  lo  ihe  ipinsni 
dhcellons.  Ily  using  (IPS  icccivcis  in  n  illflcicnltnl  mode, 
llic  sinlloiis  III  llie  Irnekliig  nclwoik  coiiht  he  icfciciiccil  lo 
Ihc  VI. Ill  nclwoik  wilh  nn  uiiccilainly  of  nppioxiniiilcly  5 
inlllimeleis  using  ciiiiciK  (ITS  receiver  Icchnology  J  f|. 

I  his  3  nillllmelcr  iinceilnhily  Is  possible  piovhled  ihnl 
pieclslon  r;!;!!';  !inm  ;ti,'  M<  IS  or  DMA  weic  Iniilally  iiscil 
fo  csinhlisli  Ihc  iieiwoik.  lit  Ihc  nb.sciice  of  SA/AS,  ciiriciil 
code  cniiclatlng  lecimoingy  iililiziiig  psciidninnge  and 
enriler  phase  dala  could  niiiicve  inicr-sintioii  unccrlnltilics 
■I  Ihe  nillliniclcr  level  |2t. 


Accurnie  singly  differenced  range  dnia  could  be  ohtnhicd 
by  the  use  of  a  fiber  opilcs  link  between  slallons.  Ihe 
opilcul  fiber  could  synchioiilze  Ihe  ilnln  acipiislllon  lo  near 
liyihogcn  ninser  sinhilily  of  I  a  ID"  1 5  w  hich  would 
elhiilnale  Ihc  need  lo  model  possible  imsinhie  receiver 
chrek  f’ciloiinniicc,  thus  leaving  more  data  .slicngih  for  ihe 
dciciiniiinlion  of  ihe  oihil  paiameleis.  In  nddilion,  since 
Ihc  lincking  sinlions  will  he  iclalively  close,  dillcicnchig 
the  dnin  bciw’cen  sinlions  would  cnncci  the  snicllhc  clock 
ciior,  nnd  irdiicc  niosi  of  Ihe  nmiosphcilc  delay  and  could 
cicnic  n  dillcicnccd  daln  l)pc  wllh  n  lew  iiillliniclrr 
(iccinncy.  A  eoiiccnlinlcd  ticitvoik  will  niso  gb  c  lung  nics 
of  Khiiuhaticniisly  vi.sibic  dnIn  for  Ihe  sinlions  which  would 
give  silting  nics  of  dillcicnccd  thiln.  lids  Is  possihl'- 
hi'cnosc  ('d'S  sniclllica  nic  hi  icinlivciy  high  mblls  nnd  ate 
llitis  vi.sibic  foi  up  1(1  6.5  hoiii.s.  A  block  ilinginin  of  ibe 
pioposed  sysicni  is  shown  In  l  igiiie  I. 

'Ihc  fiioposcd  system  could  betiefil  fioni  many  ns.scis 
nvnlhihlc  lo  Ihc  Ihdveislly  of  (mioindo  (CD).  Ihcie  Is  the 
possihlllly  ol  linking  Ihc  fiber  opilcs  cat>lc  to  ihc  DI.SI' 
(llnlioniil  Insliiiilc  of  Sinndnid.s  nnd  Icchmdogy)  ('csiiim 
lictpiemy  .slandaids  In  nmildcr  wliicIi  would  give  nn 
nhsolulc  lictpicncy  lefcicncc.  'this  would  .supply  each 
icfcicnce  oscilhilor  In  each  (Il’S  leccivcr  wilh  Ccsiiiin 
lictpicncy  nccnincy  (SxIO  '  l)  n,,(|  hydiogcii  maser  like 
slahlllly  (1x1(1- 1  5)  helween  sinlions.  In  nddilion,  ihe 
connecflon  lo  tllS  i  would  en.ihie  ihe  ohsohile  ciilihiniioii 
of  ihc  sniclllle  epoch  and  osnilnlor  ollscis.  A  liber  opiic 
link  bclwccn  stations  would  also  enhance  Ihc  near  ical- 
time  cnpahllliy  of  such  a  syslem  so  Ihnl  ns  piohicms 
tievelop,  Ihcy  enn  he  icadily  hicnilfied  and  coiicclcd.  Ii 
has  been  shown  dial  filict  optics  Icclinology  lias  llic  nbilily 
lo  dl.sscniinnic  lime  nnd  licipicncy  lo  llydiogen  maser 
sinbilily  over  baseline  lengtbs  of  22  kilomciris  in  llic 
Ooldslotic  Deep  Space  Commimicnilons  ('omplcx  |5|. 

Anoibcr  ndvniilnge  of  Coloindo  Is  its  mile  bigli  nllilndc 
which  Is  nppioximnicly  one  scale  hcighi  for  lioposphcilc 
water  vapor.  'Ihe  nmoinil  of  liopospheie  Ihc  snicllile 
signnt  inii.sl  linvcl  Ihiongh  in  ('ohnnilo  is  onc-lhhd  less 
llinii  llinl  nl  sen  level  which  ic.siills  In  less  wcl  liopo.sphcitc 
dcgtndatliin  of  Ihc  signni.  Ilccaiise  Ihc  sinlions  vtill  he 
iclalively  close  logcihci,  ihcy  will  csscniially  see  similar 
liupo.spliciic  delays.  'Ihcic  may,  however,  he  piohicms 
willi  Ihc  lioposphcilc  cniicclalioii  in  ihc  simmicr  mmillis 
wlicii  sitnni  cells  pass  over  one  sinlinii  nnd  mil  Ihc  olhcrs. 
'Dicsc  cril.s  pnss  wllhin  20  niimilcs  nnd  nic  unlikely  lo 
ciciilc  CHOIS  ihnt  coiiclale  lo  Ihe  12  hour  pciiod 
slgnniuic.s  of  ihc  (Il’S  oihils.  Wnlrr  vapor  ladiomcicis 
could  he  needed  if  iimgc  diireicnciiig  did  mil  ininimire  Ihe 
icshhinl  lioposphcilc  delay,  ntlhoiigh,  Ihe  ncipiisilion  of 
lincking  daln  lo  elcvnlhin  niigics  of  5"  should  piovldc  Ihc 
(ippotlimlly  lo  csihnnie  Ihc  dillcicnilnl  cliccis  helwcen  ihc 
sinlions. 

'Ihe  ncciitnle  innging  Infniinnilon  ictpiltcd  foi  llie 
pioposed  .,,..,!fni  lo  (ipciatc  can  be  oblahicd  beennse  llie 
(ITS  snielllics  linnsmil  two  very  stable  I.  band  caiileis 
inodulnlcd  by  a  inihpie  pseudo. inndom  noise  (I’KN)  rode 
for  cat  li  salcllile.  I’icscnily,  Ibcie  aic  two  tcclimdogics 
cnpnblc  of  coiti|)Ullng  langliig  iiiforinalion  bclwrrn  ihc 
(irS  inicllilei  and  llie  (IPS  leceivets;  code  corielnliiig 


leclinology  niid  codelesf  leclx'ology  (6|.  'I  lie  codo- 
cniiclnllng  lecclveis,  witicli  icpllcnie  llie  rUH-cf>de*  used 
III  llic  5{'iice  vclilclcs,  cninpulc  psciidtiiiingcs  niid  cniilrr 
I'linse  (Inin  lo  gciicinie  ncciiinie  langc  dnln.  Ilccaiise  llic 
code  coiicinliiip  icceivcis  need  lo  dii|di('nle  llic  riUd  code, 
liny  me  siiKcri'lildc  lo  llie  l)(d)'s  SA/AS  policy,  'lids  Is. 
noi  llie  case  for  llic  codcicss  iiicelvcis.  wlildi  use  llie 
chipping  fieipicncle.s  of  llic  sniellllc  I’UM  geiicialois  niid 
Ihe  .second  hniinoiiic  of  llie  siippics.scd  cmiici.s  lo  cicnic  n 
psciidoiniigc  dnln  lype.  Al  fMI,  llic  (.'oloiiido  (.'cnlcr  for 
Asliiidyniiiiiks  Kcscnicli  ((.'(’All)  will  linve  access  lo  holli 
code  coiicinlliig  (IKIMIM.I!  dlKMI  S’lJf  nnd  II  IMJO)  niid 
codeless  (IS  I  AC  2002  scilcs)  recetveis  wlilcit  bolli 
geiictale  llie  iicccssniy  tniiging  iiifoiiniillon. 

There  Is  no  renson  lo  rc.siricl  ilic  prnpo.scd  .sysiciii  lo  only 
MAVSI  AR  (jrS  oililt  (Icicf iiiiiinlloii.  Only  nnd  Ontc  nl  the 
Onivei.slly  of  I  eeds  linve  nindc  recriil  discoveries  of  llie 
Iratisniission  cliniacleilslics  and  I’RM  codes  of  llie  Soviel 
(II OllASS  sniclliles  |7|.  'llic  knowledge  now  exisl.s  to 
produce  bolli  codc-coirelnlfng  nnd  codcicss  fiybrid 
NA  VS  I  AR/(  II  Off  ASS  receivers  wlilcli  linve  llic  oblllly  lo 
process  psendurmige  and  enrijer  phase  dnln.  'lids  type  of 
receiver  would  allow  users  of  llie  NAVS  l  AR/dl  .ONASS 
liylirld  receiver  to  hicrense  posirlonhig  accuincy  beennse 
of  llie  polciilinl  for  liinic  sniclliles  nnd  iinpiovcd  sniellllc 
gennieliy.  Tlii.s  would  enliniice  global  posilioning  beyond 
Ihni  inlendcd  by  llie  sepninie  sysicins,  cs|iccially  when  llic 
HAVSIAR  nnd  (ll.ONASS  coiislellailons  me  nol 
tchcclitled  to  be  coinpleled  unlil  1993  or  pcilnips  Inicr. 

Tire  set  np  of  the  opetnilonal  sysicin  wonhf  Involve: 
tcfctciicing  slnlions  lo  (he  6T.K/VI.III  iiclwink,  vcilfyhig 
data  Itniisniissiur.  links  and  ficipiency  stabiHlics,  ncipiliing 
and  processing  codc-corielaliiig  and/or  codidess  dnia,  mid 
llicii  esiiniaiing  ihc  nihils  of  the  (ir.S  saiellilc.s.  Ihe 
piopnsed  sysleni  could  be  rclalively  inespensive  lo  set  up 
and  operate,  and  i|  could  piovide  very  nccniiilc  (il’S  orhils 
llint  me  less  expensive  Ilian  ctirrenl  scivhes  nnd  incci  llie 
accuracy  (Iciiiniiils  of  precise  geodetic  npplicalloiis  at  least 
over  Noilli  Aiiicticn.  Assiiniing  siicccs.s  In  the  tnlllal 
lystcin,  it  Is  coiiccivnble  llial  liber  opilc  Itnckliig  nclwoika 
would  be  esinbtlslied  else wlicte(l.e,  Aii.slinlia,  Africa, 
USSR). 


son  WAIll!  OVEUVIlCW 

A  covariance  niinly.sls  was  pcrfi  rnied  on  ihc  proposed  0)’S 
liber  optic  Irncking  nclwoik  (o  dcicrniinc  what  si'i*  of 
unccilaiiily  could  be  expected  In  Ihc  csllniniloii  of  (M’S 
oihils.  This  covmtnncc  sliidy  was  condncled  using  llic 
Oilill  Analysis  SIniiilnlioii  Soflwme  (OASf.S)  package 
ricvelopcd  al  JIT,.  OASI.S  was  designed  spcciliciilly  Int  the 
analysis  of  oihll  delcrnilnolloii  *cc>'<iilos  for  '■mill 
uibiicis,  cs|iccintty  llie  (It'S. 

The  soflwnre  consists  of  several  niodiilcs  which  arc 
(lesifinccl  lo  address  lire  vaiUum  aspects  of  llie  covariance 
analysis  ptohicni.  The  tnodnics  arc  ca'Icd  I’AIII/VARY, 
RIfIRI.S,  I’MOl),  OAril.TliR.  AMI)  OOll’Wr 
I’ROf  r.S.SOIl.  rA  ITI/VARV  lakes  Ihc  Inpiil  orhils  and 
force  model  lo  gciiernie  Ihe  orhil  Ifajccloilcs  and 


lolegrntei  the  variational  e'tualloni  lo  form  the  siale 
|i nii.sllloii  iiinlilces.  Input  for  the  RlidRI'-S  module 
Includes;  ohseivnilon  arc  limes,  alnlion  locnlioiis,  data 
types,  dnln  lime  steps,  and  vaiinbics  for  which 
tiirasnicinciil  pmlinis  will  he  cninpiiled.  Rb'dRIi.S  then 
defines  obscivDilon  scc|ncnccs  and  conipiilcs  iiicnsiircinenls 
parltnl  derivatives.  Alter  RlidRfiS,  the  I'Mdl)  inodiile 
ran  be  used  to  dilfetencc  the  data  nnd  gcncinic  simulaird 
residuals.  Miially,  if  the  imccilnliilics  for  the  n  piioil  si.aic 
and  consider  pmaiiiclets  ate  defined,  llic  computed  (d.ila 
noise)  and  coii.sidcicd  iinccilainlies  of  the  oihll  ran  then  he 
grnciulcd  using  the  (7A|TI.'liiR  mnilulc  which  iilili/.cs  a 
i)  l>  facloil7C(|  foimiihilioii.  After  the  filler  module  Is 
run.  llie  Odirilr  I’ROCIhSSOR  module  uses  the 
ptevimisly  cniciilnicd  liansllloii  tnniilces  to  niiip  the 
conipnicti  mill  considcied  nncctlahilics  to  spec  Hied  limes, 
fmr  a  complete  dcscilplloii  of  the  capohllillcs  of  Ihc  (7ASIS 
soflwaie,  see  the  OASIS  Mathematical  Ocscripllon  Guide 
|8|. 


COVARIANCr,  MOPFI,  FOR  HIE 
ITtOrOSEDSVSILIM 


The  gorl  of  the  covailniice  analysis  on  the  pinposed  sy.stciii 
was  lo  dcicimhie  If  the  expected  dl’S  oihll  nnccilalnly 
would  be  .iiiinll  enough  lo  sniisfy  piccisr  gcodelic 
ic(piiicnienls.  'Ihc  cnvniiance  model  used  in  this  nnnl)sis 
lepiescnls  an  opilinisllc  scenmio  lo  Icsl  llie  Iheoiclicnl 
ncciirncy  limli  of  llie  piopnsed  Irncking  sy.siciii.  The 
clininctcil.sllcs  of  the  cnvoilance  model  used  In  llils 
analysis  arc  dc.sciibcd  below. 

'■lie  mbit  used  In  the  covminnce  study  was  chosen  so  that 
it  would  pass  diieclly  over  the  tracking  nclwoik,  thus 
crcniing  a  long  (-6  hour)  me  of  data.  Ihc  epoch  and  oihll 
painmcicis  which  weie  ohiaiiicd  from  a  DSAF  bioadcasi 
aiiiinnac  arc; 

epoch  time  =  7/11/89  I4h  3m  2()s  UTC, 
n  »  26500  .39/ km  e  =  .(«)82 

1  =  51.5  763'’  w=  161.6000’ 

H  =  29.7801"  M=  169.8113" 

The  a  piioil  iinccilainlies  nssiinied  for  ihki  nhiimiac  (|untlly 
oibil  wcic  loo  nicicts  In  po.sllioii  and  I  iiillliiiicicr/sccoiid 
III  vclochy.  I.nnnr  and  solar  peilnihalloiis  along  with  an 
8x8  (ll'.M-  12  gravity  field  |9|  wcic  Inciiided  lo  gcnciaic 
llic  (iiijecloiy  mill  compute  ihe  apptopri.de  parti.-il 
detivnilves.  I’etliiilialions  due  lo  solar  ladialion  pressnie 
iitid  salclO'c  ihrtmni  emission  were  nol  im  hided  In  llic 
riiodcl.  In  mlilillon,  Ihc  cllco..  id  t,'l  !  nn<l  polar  inolion 
imccilnliily  nil  Ihc  oibll  nnccilalnly  wcic  nol  included  In 
Ihc  inndel. 

Inc  siniion  lucnnun.s  were  chosen  lo  he  In  noiildcr, 
|)cnvcr,  nnd  I'nit  Collins  heenuse  of  the  existing  filler 
optic  cable  linking  llicse  stations.  These  ihiee  siaiinns  are 
neatly  oilhogoiinl  with  sinlion  scpntallon.s  of  40  lo  60 
kiloincleis.  The  slalioii  covntlance  mnhis  used  for  the 
ihirc  sinlioii  nclwoik  has  the  x,y,z  coinpniienls  of  each 
sinllnii  pcifcclly  coriclalcd  willi  one  nnnihcr  which 
simiilnics  a  ilgiJ  iietwoik.  Ihc  unceilniiilies  in  llic 

1^  I 


covnrlniice  1110111)1  (liiiiilnlc  l■■lcellnllllle(  wllli  rcopeci  lo 
llie  gcoceiilcr.  OcocciM.ic  'tnlloii  tniccilnliillca  of  Imlh  10 
Riid  4  cciiliiiicicis  wcie  In  llic  niiiilysis.  'Mils  is  nn 
oi'liinislic  sinlioii  covatiniice  iiinliis  hccniise  llie 
diircfcnlinl  Oi'.S  iiosllloning  of  llie  nciwnik  icliilive  (o  llic 
SI.R/VI.DI  site  would  lend  (o  slntloii  liilcr-site 
unccilninlics. 

1  o  ohlnlii  llie  iiilllliiielcr  lincking  incclslon  ie(|iilicd  for 
llic  pin|>oscd  .sysiriii,  liolli  llic  |i<;ciidoiiiiigc  nnd  llic  cniiicr 
phase  dnia  would  have  lo  he  singly  diirciciiccd  hclwccil 
ilndoiis  for  boili  llie  1,1  nnd  1.2  Irnn.sinls.sloii.s  so  llinl  llie 
lonnspliei Ic  eiiois  could  he  cnilhinicd  lo  ntHllnicIcr 
ncciiincy.  In  llie  nnnlysls,  llicse  two  diiln  lypes  wcie 
Bcipilicd  nnd  dllfercnccil  eveiy  10  sccond.s  for  cicvniloii 
angles  gicnicr  limn  10  dcgiccs.  'Hie  diiln  noise  iinrciiitlnly 
for  llie  psciidoinnge  was  nssnnied  lo  he  'III  ccnllinelcis 
eveiy  10  seconds,  while  Ihe  inicciliilnly  (or  Ihc  cniilcr 
phnse  (or  livn  cases  wns  nssnnied  lu  he  I  nnd  5  iiillllnicli'is 
(or  10  seconds.  Ihe  3  iiilllhnclcr  diiln  noise  tinccilnliily 
wns  chosen  heennse  a  Inigcr  dnln  noise  lesiills  when  Ihc 
iincniielnled  iiol.se  of  bolh  Ihe  l.l  nnd  1.2  me  added  to 
cnlihinle  mil  llic  loiio.splicilc  dciny.  'llic  clfeci  of  llic  wcl 
llopospliciic  7cnllli  delay  wns  alsn  sliidicd  hy  csllninting 
Ihe  zcnilh  delays  al  Ihe  siniloiis  wllli  a  piloil  iinccilnhillcs 
of  10  ceiillincleis.  Singly  ilKfcieiiccd  diiln  cliniliialcs  hnlli 
(lie  snicllilc  clock  nnd  lecclver  osclllalor  eiiors.  In 
addilion,  Iheie  me  no  cycle  slips  fioni  iccciver  osclllalor 
inslahllliies  hccaiise  Ihe  liher  provides  very  stable 
reference  frerpieticy  and  lime. 

I'or  each  secnnilo  ihni  was  sliidicd,  bolh  the  conipiilcd  nnd 
conslilcicd  nnccilnliily  of  Ihc  indini,  along  linck,  nnd  cioss 
linck  conipmiciils  of  Ihc  (H'S  oihli  wcic  conipiilcd.  'Ihc 
cniiipiilcd  iiiiccitalnly  Is  Ihiillcd  by  Ihc  dnln  nol.se  and  a 
piiori  oibil  iiiiccrlninlic.s.  'llic  coiisidcicd  iiiucilalnly  Is 
ecpini  lo  llic  cdiiipiilcd  iiiiccilaiiily  phis  any  niKCilniiily  due 
lo  Ihe  consiniit  consider  painmclcrs  hi  Ihc  force  mid 
nicnsiircmciil  niodcis.  Ihctcfote,  Ihe  considcrcil 
iiiiceiliiinly  Is  always  larger  ihiin  Ihe  conipiilcd  nnceilnliily 
and  rcpicsciils  a  nioie  lenlisllc  (and  soinctinics  pcssiiiilslic) 
oibil  iinccilninly. 

In  llicse  CO vm  lance  nnalysc.s,  llie  stale  vector  coninhied  ihc 
oibll  painnicicis  of  Ihc  (ITS  sniclllle  nod  also  Ihe  wcl 
linpnsplicilc  7cnilh  delay  pnraiiiclcis  when  they  wcie 
esilnialcd.  ricliniiiiaiy  nniilyscs  showed  lliiil  ihc  cliccis  tif 
Ihe  iiiKritnliilics  in  the  Rs8  ginvliy  field  coellicicnts  nnd 
Incicasiiig  the  a  piinil  oihll  iiiicetintnilcs  tlld  iiol 
conitihiilc  lo  the  considered  iineeilaiiily  of  the  (ITS  oihil. 
Ilicrcfore,  only  llie  iinceilaliillcs  in  the  slidlori  locndon.s 
and  (JM  of  Ihc  eailh  (4  x  I0'3  kni)i^)  sverc  considered. 


iti'Siii;is 

llie  fir. St  scenario  studied  for  Ihe  proposed  tracking  sy.stcni 
was  a  1  day  arc  linving  I  pass  of  lain.  'Ihc  cniic.s|iniiding 
conipuled  iincerlainly  Is  shown  in  Idgiiie  2.  One  can  sec 
llini  Ihe  inngiilludcs  of  ihe  radial  nnd  cross  track 
componenis  arc  ahoiil  If)  ccnliiiicfcrs,  hnl  Ihe  along  liiuk 
coinponeni  diverges  lo  -  1.6  rnclcrs  at  Ihe  end  of  Ihc  24 
hour  Btc.  When  Ihe  uncertalnliei  of  ihe  cottelnicd  slatlon 


locntloni  (10  cm)  and  flM  were  considered,  the 
unccitninty  liicicnsed  lo  -3.0  inelcis  In  llie  along  Hack 
coniptincnl  ns  shown  In  I'igiite  3.  'llicse  rcsnlis  me 
encoiirngiiig  since  coiielnllng  the  slalloti  lucnilon  eirois  Is 
close  lo  a  lealisilc  case. 

In  an  niicnipt  In  lower  Ihe  unceilninly,  a  second  day  arc 
tvn.s  iiirliidcd  In  Ihe  analysts.  (I  wns  assumed  llial  ciiors  In 
Ihe  ginvily  lichl  would  nol  conliiluile  lo  llie  oihil 
oiiccilainty  over  a  Iwn  day  nic.  In  nddilton.  Ihc  gcncciililc 
atniinii  locallon  tincerlninlles  were  dccrcnsril  lo  4 
ccnllinelcis  wliicdi  Is  near  Ihe  present  cnpiihilily  of 
Sl.n/Vl.ni.  'Ihe  ennsideted  unceilninly  readied  a 
mnxhniini  of  1 1  ccnllinelcis  fur  Ihe  Iwo  day  me  a;  seen  In 
rigiiie  4.  And  liiiiilly,  lids  same  scciinilo  wns  sliidicd 
while  esilninlliig  the  wcl  lioposphcilc  r.cnilli  delay  (10 
ccnllnirlcr  a  prioil  unceilninly)  for  eiidi  slallnn  nnd 
incicnslog  llie  cmiler  phase  dnln  noise  lo  3  iiillliiiicicrs. 
I'igiiie  5  shows  llinl  lids  conslilcicd  iincrilidnly  icnclicd  a 
mnxlniinn  ol  30  ccnllinelcis  over  Ihc  Iwo  day  me. 

'llicse  icsiills  of  this  opilinl.silc  linckliig  syslcin  scenario 
are  etiroiitnghig.  'Ihey  are  aliiiosl  Iwo  nidcis  of 
iiiagnilildc  heller  Ihnn  ihe  ncciiincy  cuiicnlly  piuvidcd  hy 
piccisc  post -conipiilcd  oihlls.  However,  llic  covniiance 
model  needs  In  he  inodified  In  compute  more  lenlfslic 
(lacking  ciiuis  and  oibit  imceilalnlics. 


FU  rimE  WORK 

The  iincerlalnlies  conipnied  in  this  analysis  ate 
encouinglng,  hiil  nn  opihnisllc  covniiance  model  wns  used 
lo  gcneinic  these  results,  riiline  woik  w’lll  tcllne  Ihc 
cniicnl  model  lo  heller  icpieseni  an  opcinlioiial  tcision  of 
Ihc  profio.scd  tiacking  syslcin.  Ihc  flrsi  Inipiuvrmcnl  lo 
lids  Rindy  will  be  lo  Include  ibe  eKccis  nl  ihe  Inicr-slle 
unceilninllcs  hriween  ihe  sinlluns  lo  ciblnin  a  moic  icnlisiic 
sinlioii  covniiance  malrix.  My  knowing  the  slalion 
covniiance  innlilccs  of  Ihe  fidiicini  .sites  anil  Ihe  line  king 
scennilo  Ihal  will  lie  used  In  posllion  Ihc  opcinlioiial 
nclwoik  lo  llic  gcoccnicr,  Ihe  OA.SIS  scdlsvnie  package 
will  be  used  lo  compiile  a  renlisllc  slallnn  covniiance 
iiinliix  lot  ihc  projioscd  iielwoik.  'Ihe  elfeci  ol  solar 
indinlion  foice  misinodcling  and  giavily  eiinis  over 
longer  arcs  will  also  need  lo  he  hichiilcd.  Ihc  oihil 
Rliidicd  In  lids  analysis  was  chosen  lo  fly  diicclly  over  llic 
Irackhig  slalion  nclwoik  which  is  a  bcsl  case  scriiaiio. 
Oilier  oih'l  gcoiuclilcs  will  need  lo  he  nnalyrcd  In  Inline 
sliidlcs.  Ihe  hnsclincs  Icnglhs  will  he  Incicnscd  up  lo 
-40l)kin  hy  moving  the  slalion  locations  lo  oilier  campuses 
sm  li  ns  Coloindo  Spiings  and  (Mesa  Slalc)  (iiaiid  Innclion. 
A  trade  study  will  then  he  pciloriiicd  hclwccn  hascliiic 
Icnglli  nnd  residual  Itoposphcilc  delay  citor  lo  dcicimhic 
Ihe  opllmiiin  slallnn  scpninllon  and  gcnmcliy. 

CONCl.USIONS 

llic  posslhilily  of  cxploilliig  lelallvely  closely  spaced 
lincTing  sites  comicclcd  hy  liher  optics  lo  piovidc  nccoialc 
clocks  offers  an  irifcrcslittg  passihillly  lot  sigirtftcmti 
itnprnveiMciils  In  (IPS  cthil  dctcrmhinlinn.  Ihe 
piclliiilnnty  resiilli  ptescnied  In  this  paper  ate 
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ciicournging,  bul  are  also  dplliiilsllc  since  llic  full  army  of 
polcitliirl  riior  siiiiices  iciiinliis  (o  be  Included.  As.siiiitliig 
fiKuie  siiulles  coiilliiue  lo  aliovv  llinl  llie  iiifipnscd  fiber 
rpllc  oibil  deletinlnnllon  inelliod  Is  cnjiitble  ol  dcicinilning 
(ll’S  oibils  wiili  nnceil.iinlies  less  llinii  I  inelcr,  llieii  a 
ItansilKtn  would  be  innde  In  hardware  dcinonsirallnii 
hopefully  lending  to  on  operational  sysleni.  If  the 
proposed  system  could  dcicintine  (.li’S  orbit  ncciiincy  of  a 
few  parts  hr  10^,  then  the  accuracy  of  nien.siiterl  geodetic 
Information  could  tnipruve  try  an  order  of  tttngnllitde 
whicli  woidd  gfcnily  henclit  lire  IDI’I’X  oceanographic 
ndssinn  nod  the  coinlog  atodles  of  sea  level  and  the  broad 
mission  ol  climate  and  global  change. 
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